such as pyridine, 7a KOH in methanol, 7b and DBU in microwave irradiation, 7c but most procedures are performed at high temperatures. Alternatively flavanones are prepared by the cyclization of 3-bromo-1-phenylprop-2-ynyl aryl ethers in the presence of Hg(OCOCF 3 ) 2 after NaBH 4 workup 8 or the dehydration/cyclization of 3-hydroxy-1-o-hydroxyphenyl-3-phenylpropan-1-ones derived from isoxazoles, 9 but the former fails to furnish the methoxy substituted flavanones and the latter proceeds in four steps.
However, there are no reports on the preparation of flavanones by the cyclodehydration of 1-(2'-hydroxyphenyl)-1-oxo-propan-3-phenyl-3-ols which are prepared from 2'-hydroxyacetophenones and benzaldehydes. This synthetic strategy can avoid the undesirable reaction such as the partial cyclization of 2'-hydroxychalcones to flavanones during the synthesis. 10 Although 1-(2'-hydroxyphenyl)-1-oxopropan-3-ols, prepared from 2'-hydroxyacetophenones and aldehydes or ketones with LDA, cyclize with acidic reagents 11 such as HCl in methanol 11a and H 2 SO 4 in HOAc 11b or HMPT 12 to give the corresponding chroman-4-ones, all these methods work only at high temperatures and furthermore there are no reports on the preparation of flavanones with 2-substituted phenyl groups. In this paper we report that flavanones can be efficiently synthesized via 1-(2'-hydroxyphenyl)-1-oxo-propan-3-phenyl-3-ols from the starting 2-hydroxybenzoic acids in three steps. 2'-Hydroxyacetophenones 2 were readily prepared by the treatment of 2-hydroxybenzoic acids 1 with 3 equiv of CH 3 Li in THF in 74-93% yields according to our previous method. 13 1-(2'-Hydroxyphenyl)-1-oxo-propan-3-phenyl-3-ols 4, precursors of flavanones 5, were prepared by the treatment of the lithium dianions of 2 with benzaldehydes 3 (Scheme 1). To a yellowish solution of the lithium dianions, generated from 2 and 2 equiv of LDA in THF for 1.5 h at −20 o C, were added 3 at −78 o C. After being stirred for 1 h at −78 o C, the mixture was quenched with sat. NH 4 Cl solution. The condensed residue after usual workup was purified by silica gel chromatography using 20% EtOAc/n-hexane to afford 4 in 81-94% yields without the formation of the corresponding 2'-hydroxychalcones 6.
With 4 in hand, the cyclodehydration of 4 to 5 was studied 16 varying solvents. The treatment of 4c with Ph 3 P/DEAD in CH 2 Cl 2 , THF, CH 3 CN at 0 o C gave 5c and 6c with a ratio of 13:1, 6:1, and 1.5:1, respectively, in 99%, 98%, and 94% yield, respectively. Thus, the cyclodehydration of 4 was carried out by the slow addition of DEAD to a mixture solution of 4 and Ph 3 P in CH 2 Cl 2 at 0 o C. After completion of the reaction, the condensed residue was subjected to a short pathway silica gel chromatography using 30% EtOAc/n-hexane to eliminate Ph 3 P=O and diethyl 1,2-hydrazinedicarboxylate. The successive recrystallization of the condensed mixture in n-hexane gave pure 5 in 76-89% yields.
As shown in Table 1 , various flavanones were synthesized in high overall yields (51-70%) from the starting 1. The reaction worked well both for the methoxy substituent (5e-5j) on the A-ring and the chloro (5b, 5f, 5i) or methoxy substituent (5c, 5d, 5g, 5j) on the B-ring of 5 regardless of the kind and the position of substituents under the present reaction conditions. Furthermore, the ortho substituted methoxy group (5k, 5l) of A-ring didn't influence the cyclodehydration of 4. Thus, the present method provides (i) a novel synthesis of 5 from β-hydroxy ketone intermediates 4
(ii) the avoidance of isomerization between 2'-hydroxychalcones and flavanones (iii) the high yield of 5. o C, the mixture was quenched with sat. NH 4 Cl (3 mL). After evaporation of THF, the mixture was poured into sat. NH 4 Cl (30 mL) and the aqueous phase was extracted with methylene chloride (3 × 25 mL). The combined organic phases were dried over MgSO 4 , filtered, and concentrated in vacuo. The residue was purified by silica gel column chromatography using 20% EtOAc/n-hexane to give 4a (824 mg, 85% (17) .
Experimental
Preparation of flavanone 5a (General procedure). To a mixture solution of 4a (727 mg, 3.0 mmol) and triphenylphosphine (787 mg, 3.0 mmol) in methylene chloride (18 mL) was slowly added diethyl azodicarboxylate (40 wt % in toluene, 1.5 mL, 3.3 mmol) at 0 o C over 3 min. After being stirred for 10 min, the solvent of the resulting yellow mixture was evaporated in vacuo. The residue was subjected to a short pathway silica gel column chromatography using 30% EtOAc/n-hexane to give a mixture of flavanone and the corresponding chalcone in a ratio of 13:1 (639 mg, 95%). The mixture was recrystallized in n-hexane to give 5a (579 mg, 86%) as a colorless solid. 
